The paper documents and analyzes the ways in which English loanwords into Mandarin are adapted to conform to the Rhyme Harmony constraint that requires the front vs. back quality of a nonhigh vowel to agree with the coronal vs. dorsal character of a nasal coda. The principal finding is that the backness of the English vowel determines the outcome and can force a change in the place of articulation of the nasal coda. This is attributed to the phonetic salience of the vowel feature in comparison to the relative weakness of the nasal place feature. It is concluded that phonetic salience is a critical factor in loanword adaptation that can override a phonologically contrastive feature.
Background and motivation
In the recent theoretical literature on loanword phonology two competing models have emerged. The first, championed by Paradis & LaCharité (1997 , 2005 and others, holds that loanword adaptation is executed primarily by bilinguals who draw on their phonological competences in both the donor (L2) and recipient (L1) languages to discern segmental equivalences at an abstract, phonological (phonemic) level. When an exact phonemic match is not found then the closest available phoneme is chosen, with distance measured in terms of the distinctive features operative in the native, L1 grammar. An alternative view, typically couched within the OT model, sees loanword adaptation as based on the phonetic output of the donor languageeither in the form of a raw acoustic signal (Silverman 1992) or more usually in a UG-based phonetic transcription of varying degrees of detail and abstraction. 1 1 Feng-fan Hsieh, Michael Kenstowicz & Xiaomin Mou The adapter can take a variety of factors into account in order to make the loan sound like a word of the native language while still remaining as faithful as possible to the source of the loan. These include orthography as well as phonetic properties that are salient to an L1 speaker-regardless of their contrastive status in the L1 or L2 grammars. See Kenstowicz & Suchato (2006) and Yip (2006) as well as cited references for discussion of this alternative.
Mandarin Chinese presents us with the possibility of an interesting test of these two alternative models of loanword adaptation. According to most analyses (e.g. Duanmu 2000 Duanmu , 2007 , Mandarin has five vowel phonemes: /i/, /y/, /u/, /ә/, and /a/. The high vowels contrast for [back] and [round] while the mid and low vowels do not. Stressed syllables are subject to a bimoraic constraint. There are no complex syllable margins. Codas are restricted to the nasals /n/ and /ŋ/ (modulo r-suffixation in the formation of the diminutive) and the glides/semivowels /j/, /w/. The canonical lexical item has the shape C(Gl)VX (X = V, Gl, N). The vowels take on a variety of allophonic guises depending on the surrounding consonants. In (1) we illustrate several generic CVV syllables. The first column is the Pinyin transliteration, the second is the underlying phonemicization, and the third is a broad phonetic transcription (Duanmu 2000) .
(1) Pinyin UR PR ta ¿ t h a ¿ t h a ¿a 'she' tí t h í t hj íi 'dam' tǔ t h ǔ t hw ǔu 'mud' tè t h ә t h ƒƒ 'special'
In the context of nasal codas the low vowel takes a relatively front allophone before the dental nasal (typically transcribed as [an] ) and a relatively back, unrounded allophone before the velar nasal (transcribed as ["ŋ])-a distribution termed Rhyme Harmony in Duanmu (2000 Duanmu ( , 2007 . By contrast, in English front and back low vowels freely combine with the dental and velar nasal phonemes to give four possible combinations. 2
(2) English Mandarin
by the nasal consonant. This is because the nasal coda is the only point of similarity at the phonological level, given that the vowel is unspecified or noncontrastive for [back] in Mandarin (indicated by the archiphoneme A; see Wang (1993 ) & Duanmu (2000 , 2007 for details). This scenario is sketched in (3) (3) phonological mapping
Alternatively, if the adapter is trying to achieve the best phonetic match then in cases of conflict (i.e. English [aeŋ] and ["n]), additional considerations may come into play to decide the outcome. A priori we might expect variation across different lexical items depending on whether the vowel or the coda nasal is the determining factor. Alternatively, the adapter might call on other criteria to break the tie. For example, while the [±back] vowel difference is phonologically predictable, it is more salient phonetically and hence could provide a better overall match than the nasal coda consonant-a segment whose place features are relatively faint and highly susceptible to neutralization cross-linguistically. The latter scenario predicts the correspondences in (4).
(4) phonetic (auditory) mapping
In the absence of a well-developed theory of loanword adaptation, it is unclear which of these two alternatives is more likely to be true. Hence the empirical study of such conflicting cases is an important step towards such a theory. Whether (3) or (4) is the correct scenario turns out to be a question that is not so easily answered. It is well known that in comparison to Japanese and Korean, Mandarin Chinese is highly resistant to phonological loans, preferring loan translations or calques (Novotná 1967) . Furthermore, it appears that many of the phonological loans that entered the language in the Early Modern period (c. 1900-1940) have been become obsolete or been replaced. Contemporary Mandarin vocabulary thus lacks a substantial body of loanwords that we can easily consult in order to 1 Feng-fan Hsieh, Michael Kenstowicz & Xiaomin Mou answer our question. We are thus forced to fall back on more meager resources. We are aware of two sources with relevant data. First, there is the Dictionary of Loanwords and Hybrid Words in Chinese (Liu et al. 1984) . 3 We analyze material drawn from this source in Section 2. Second, there is the Website of the Chinese Ministry of Foreign Affairs, which has a listing of the preferred transcriptions and pronunciations for many foreign place names. We analyze data drawn from the latter in Section 3. Section 4 reviews the phonetic basis of the front-back vowel enhancement of the coda nasal contrast to provide independent support for our analysis. Section 5 is a brief summary and conclusion.
. Analysis of loanwords from the dictionary
Our study's loanword corpus consists of c. 600 items drawn from Liu et al. (1984) that contain a VN sequence in the loan source (typically English). The discussion here focuses on items where the vowel of the source word is low or mid since this is where the vowel is phonologically unspecified or noncontrastive for front vs. back in Mandarin and the resolution of the conflict between faithfulness to the vowel vs. faithfulness to the coda nasal of the English word can be studied. We organize the data into several subcategories. The first consists of English VN rimes where V is nonhigh, N is a dental or velar nasal, and the syllable bears some degree of stress. Our main finding is that it is the front vs. back category of the vowel that determines the outcome. We then look at VN sequences drawn from final unstressed syllables in English. Here we find competition between strategies based on approximation to the English reduced vowel vs. those based on the orthographic representation. The next category consists of loans in which a nasal has been inserted into the coda to achieve a bimoraic syllable. Our data indicate that the front vs. back quality of the vowel in English determines the substitution as [n] The matrix in (7) summarizes the adaptation of the harmonic rhymes. Mandarin preserves the front vs. back quality of the rhyme to a significant degree.
In loans where the English vowel and coda nasal do not agree as front vs. back, there are two ways in which the adaptation can be brought into alignment with the Mandarin [an] and ["ŋ] codas required by Rhyme Harmony. Either the front vs. back character of the vowel can be preserved and the nasal changed; or alternatively the nasal coda can be held constant and the vowel adjusted. The data overwhelmingly evidence the first strategy. The corpus contains 24 loans where the English source consists of a low, back vowel and a dental nasal. In all of the corresponding Mandarin loans, it is the nasal consonant that is changed, giving an ["ŋ] rhyme in the majority of cases (8a). In a few (8b), the vowel is mid [oŋ] The number of loanwords with a velar nasal coda and front vowel nucleus is again smaller (13). 5 Only four remain faithful to the nasal (9b). The rest (9a) In sum, our hypothesis is supported-the more salient vowel normally determines the adaptation even though the nasal coda is the site of the phonological contrast.
Adopting the approach to loanword phonology taken in Kenstowicz (2005) and Yip (2006) where faithfulness to the loanword source is expressed as an OT Output-Output faithfulness constraint that may be ranked differently from the corresponding Input-Output constraint of native grammar, we can express the adaptation of the low vowel+nasal coda words into Mandarin as follows. First, we assume an undominated markedness constraint of Rhyme Harmony (Duanmu 2000 (Duanmu , 2007 that requires a front vs. back low vowel to co-occur with a dental vs. velar nasal coda, respectively (see Flemming 2003 for discussion of the phonetic basis for such a constraint). Second, we assume that the nasal codas are the site of the lexical contrast in Mandarin (F » M) while the [±back] low vowel allophones ["] and [a] are distributed by Rhyme Harmony (M » F). Given the OT premise of Richness of the Base, native grammar inputs in which the nucleus and coda violate Rhyme Harmony are repaired by faithfulness to the coda, as in (11) below. (11) But in the loanword phonology, in order to be faithful to the vowel of the source language, the adapter calls on the otherwise submerged Id-[back] constraint which is "cloned" as an Output-Output constraint between English and Mandarin and ranked above Faithfulness to CPl-Coda.
(12) Id-[back] e-m » Id-CPl-Coda » Id- [back] Given this ranking, the input-output adaptation mapping is diverted towards faithfulness to the otherwise redundant vowel, as shown below. (13) Let us now consider examples where the English source word consists of a mid vowel followed by a nasal coda. In Mandarin there are four surface mid vowels whose distribution is determined by the surrounding onset and coda consonants (Duanmu 2000 (Duanmu , 2007 
As the tableau in (20) shows, in the case of the conflicting back vowel + coronal coda the correct adaptation is made by the Id-[back] e-m » Id-CPl-Coda ranking established for the low vowels in (12).
The behavior of the English rimes composed of the centralized, wedge vowel [%] suggests that it is not salient enough on the crucial [±back] F2 dimension to force a change in the nasal coda. Faithfulness to the coda obtains in all but one case (21). The vowel receives a range of adaptations as high, mid, or low. 
In sum, the adaptations analyzed in this section indicate that when the vowel of the English source word is front or back then it determines the way in which the loan accommodates the Rhyme Harmony constraint. Nonsalient schwa or wedge seem to pass the decision on to the nasal coda.
In the next two sections we review a couple of other places in the loanword grammar where the place feature of a nasal coda is determined by the vowel of the source word.
. V.NV → VN.NV
In (25) we list examples in which a nasal consonant is added to the coda before a following nasal onset in order to satisfy the bimoraic requirement on stressed syllables. Interestingly, the choice between [n] and [ŋ] is determined, not by geminating the nasal of the source word, but rather by the vowel of the augmented syllable (25a). For example, in the adaptation of economy the English stressed syllable is augmented in the Mandarin loan by insertion of a velar rather than a dental nasal: ai.kang.nuo.mi. The handful of exceptions to this generalization is shown in (25b The data in (25) show that faithfulness to the backness of the vowel-redundant in Mandarin but contrastive in English-is an active constraint of the loanword grammar that overrides homorganicity for the NC cluster that might otherwise be expected since it does not require the insertion of a place feature in the coda but . The OED indicates a back vowel for the medial syllable of Afghani in (25b). For this reason we classify it as an exception. Also the loan mammoth > meng.ma is represented with the character for meng 'fierce' , perhaps for semantic reasons. The tableau in (28) Before concluding this section we briefly address the possible role of orthography in the coda nasal adaptation process. The vast majority of loans spelled with "on" are adapted as ["ŋ] and those spelled with "an" as [an] . Could orthography be the basis of the adaptation pattern rather than reference to the salience of the vowel on the F2 dimension? We think not. First, the few words in our corpus with an ["n] sequence from Romance languages such as franc and canto are adapted with a back rhyme in accord with the back vowel in the source. Second, "on" and "an" words where the corresponding syllable in English is unstressed such as cushion are by and large adapted with [әn] and not ["ŋ] or [oŋ] . Since stress is not orthographically recorded, the adaptation must be based on the spoken form of the word to explain this distinction. In our view the adapters use their knowledge of the spelling regularities of the source languages to guide them in the correct pronunciation of the source word vowel, which in turn determines the adaptation. This is evident in occasional mistaken interpretations such as satan > [sa.dan] where the final syllable is treated as stressed. Finally, even if we were to grant that orthography is the basis of the adaptation, it does not help to explain why in the orthographic equivalence of "on" = ["ŋ], it is the vowel symbol that is the determining factor rather than the consonantal one. Salience in the phonetics provides a more plausible basis for understanding the adaptation, especially when it is combined with the observation that the less salient central vowels wedge and schwa do not determine the outcome. Here it is the nasal consonant that appears to do so. If the Mandarin adaptation of nasal codas is based on spelling, then if "n" determines the outcome for syllables with wedge and schwa, why not for "an" and "on" as well?
. Another corpus
The list of place names on the Chinese Ministry of Foreign Affairs website provides another opportunity to study the adaptation of nasals into Mandarin. 10 These data largely corroborate the generalizations found in the data from the dictionary discussed in Section 2. In sum, the adaptations in the place names largely conform to the generalizations uncovered in the analysis of the dictionary loans in Section 2. 11 The adaptation of the coda nasal is determined by the position of the vowel in the source word on the front-back, F2 dimension. When the vowel occupies an intermediate position on this dimension, as in the case of wedge [%], or is indeterminant, as in the case of schwa, the nasal place of the coda is largely preserved.
. Phonetic basis
The surface phonetic contrast in vowels before the alveolar vs. dorsal codas has been studied in a number of phonetic investigations of Mandarin. For example, Chen (2000) reports F2 differences of c. 500 Hz. in [an] vs.
[aŋ] rhymes when they appear before a stop such as da ¿n.dǎ 'single hit' (tennis) vs. f"ŋ.dà 'magnify' . They are located in the interior of the vowel and are not just a coarticulatory effect at the VC transition. Crucially, she also finds that these differences persist-at a lower (c. 250 Hz) but still significant (P < 0.001) magnitude-in the wake of the deletion of an intervocalic nasal in casual speech sha ¿(n).ào 'cove' . The magnitude of the F2 differences in Mandarin [an] vs. ["ŋ] rhymes was further documented by Mou (2006) , who found a c. 400 Hz difference at the mid point of the vowel for her Beijing subjects (see Figure 1) . This difference makes sense under Flemming's (2003) interpretation of the relation between coronal consonants and vocalic tongue body features as one of fronting the tongue body to accommodate a consonantal constriction at the alveolar ridge. The relatively steady rise in F2 for [an] in Figure 1 in comparsion to the largely flat trajectory in ["ŋ] also makes sense in these terms. Finally, Mou (2006) reports gating experiments in which her subjects could reliably guess the presence and identity of the upcoming coda nasal when they heard less than half of a low or mid vowel. On the other hand with high vowels, where there is a contrast among 
. Summary and conclusion
This study utilized the Mandarin nasal codas to probe the phonological vs. phonetic bases of loanword adaptation. Nonhigh vowels are assigned different allophones along the front-back dimension in order to enhance a phonemic contrast between coronal and dorsal nasal codas. Our principal finding is that when the adapter is presented with conflicting choices to satisfy this phonotactic constraint of native grammar, it is the information found in the phonetically more salient vowel that determines the outcome. This result is in line with other cases of such conflict in loanword adaptation reported in Kenstowicz (2003) . Coupled with the observation that stressed syllables are often the site of cyclic transfer (Kenstowicz 1997; Steriade 1999) , it suggests that perceptual salience constitutes an alternative dimension of phonological faithfulness.
Tasks for future research include more extensive documentation and analysis of current loanword adaptation patterns in Mandarin as well as a more quantitative analysis of the Rhyme Harmony process along the lines of Flemming (2008) . More generally, our study raises the question of whether enhancements which play a role in speech perception couple together features or cues that have a natural, cross-linguistically recurrent relation such F0 and duration cues to consonantal laryngeal contrasts (Hsieh & Kenstowicz 2008) ; or can they involve more phonetically arbitrary connections that are rooted in the accidents of the history of individual languages? This is of course a fundamental question that has emerged in the field of phonology more generally in the past decade. We believe that continued study of loanword adaptation may provide crucial evidence to help resolve this matter.
